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(54) High efficiency environmental control systems and methods 

(57) A high efficiency environmental control system 
(10) uses air (16) exhausted from a pressurized cabin 
(12) to cool compressed air (14) entering the cabin (12). 
Air (16) exhausted from the cabin (12) may flow directly 
from the cabin (12) through a heat exchanger (60) 
which cools the compressed air (14) entering the cabin 
(12). Alternatively, air (16) exiting the cabin (12) may 
flow through a turbine (66) which expands and cools the 
air (16) prior to passing through the heat exchanger 
(60). The turbine (66) may be used to drive a compres- 
sor (68) to provide the compressed air (14) to the cabin 
(12). Supplemental power to drive the compressor (68) 
may be provided by a second turbine (70) driven by 
bleed air (44) from one or more turbine engines (20), or 
by an electric motor. Bleed air (44) may also be mixed 
with air from the compressor to provide fresh air to the 
cabin (12). To further increase efficiency and meet the 
cooling requirements of the cabin (12) on the ground 
and at altitude, switch dampers may be employed to 
selectably vary the flow path of air supplied to the cabin 
(12). 
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Descriptf n 
Technical Field 



The present invention relates to high efficiency environmental control systems for vehicles powered by turbine 
engines which recover energy from air exiting a controlled pressurized space. 



Background Art 

io A common approach to environmental control system design for vehicles using turbo machines is based on the air 
cycle machine or "pack". The pack outputs cool air at a pressure sufficient to move the air through distribution ducts and 
at a rate sufficient : to satisfy the fresh air needs of the occupants (while also compensating for intentional and uninten- 
t.onal outward leaks). The air cycle machine is said to emulate the "air-standard refrigeration cycle" found in thermody- 
namic texts. However, differences exist which provide the opportunity for increasing efficiency of the traditional air cycle 

is machine approach. 7 

JT^'? aif 0X016 maChine extraCtS an amount of " bleed air ,rom to* 1 ens™ core compressor ports, such as the 
eighth stage (low stage bleed air) or fourteenth stage (high stage bleed air). The bleed air is compressed or pressurized 
and as a result heated to a very high temperature relative to ambient. The bleed air is then passed through a compres- 

>» h £ T 63 ^* n P eniture and pressure - Ram airflow j s "sed to cool the compressed bleed air before 
rt " ^"ded and further cooled in a tuibine to an appropriate temperature and pressure to operate a water separator 
and cool the controlled space, generally referred to herein as the cabin 

inr, Jt n ^ Tnn fiT 9 '" 6 ^ COnsumptio n- b,eed air is ver V expensive. For example, in a typical aircraft application cruis- 
ing at 35.000 feet one pound per second (pps) of low stage bleed air costs the same as 1 58 kilowatts (21 1 hp) of shaft 
power extracted from a gearbox coupled to the engine: 1.2% specific fuel consumption (SFC). Furthermore, fan air 
s used to pre-cool the bleed air before passing it to the compressor may add an additional 0.52% SFC. As such it is desir- 
able to reduce or e iminate the use of bleed air to increase efficiency of the environmental control system. Alternatively, 
it is desirable to fully utilize the energy of the bleed air. 

For aircraft applications, cabin or fuselage pressure is regulated by restricting outflow of air through an outflow 
valve The outflow va ve has an open area modulated to provide a desired pressure. To maintain a constant cabin pres- 
sure level, the rate of air supplied must equal the rate of air leaked plus the rate of air exhausted through the outflow 

It J ?• , ^ r6COVer 6ner9y ,r ° m the out,low air by coning it to forwaid thrust, the outflow valve is carefully 
shaped to form a converging-diverging supersonic nozzle since the pressure ratio allows an exit Mach number of about 
1^6 in a single process. The actual savings in %SFC are difficult to isolate and measure due to various factors, such as 
the possibility of creating an adverse yaw moment which requires rudder compensation thereby leading to additional 

ci r n?v nfthL 39 ^ " iS d , 6Sirab,e 10 Pr ° Vide an ^na^e approach to energy recovery to improve the effi- 
ciency of the environmental control system. 
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Disclosure Of The Invention 

Ageneral object of the present invention is to improve the efficiency of an environmental control system for a pres- 

frnm H^SH' " ^ " ™ 6 **** is accomplished by recovering energy from the air exhausted 

from the cab.n using a variety of alternative environmental control system configurations 

In carrying out the above object and other objects, features, and advantages of the present invention, a high effi- 

f^71TrT S? "V 8 diSC ' OSed - 71,8 SVStem indUdes 3 heat exchanaer wnich uses a '> Ousted 

L t ?° ™ SUPP ' ied 10 the Cabia ^ System may be configured in any of a number of alternative embod- 
^i Jlt Z l 6 K^ nd advantaaes of the P rese "t invention to recover energy from air exhausted from a pres- 

^^hT^ I'T^ mbod,ments em P ,ov alternative configurations which are selectively utilized based on current 
%^n*nn?T » . , 'T! ,n on e embodiment, a heat exchanger having a first inlet and cor- 

r ? outlet is placed m fluid communication with the outflow port of the cabin. The heat exchanger includes 
USStUT B l C0 ^ espond,n 9 second out,et in fluid communication with the inflow port of the cabin. As such, air 
exhausted from the cabin passes through the first inlet and outlet of the heat exchanger to cool air supplied to the cabin 

S2?^. SeC ? 3nd 0U ? et t0 inCreaSe effidency * the system ™ en cabin P^sure is insufficient to attain a 
t 6 h 32 9 I?' S T' ,ed t0 the inf,0W P0rt * ,he <***• a fan interposed the first inlet of the heat exchanger 
and the outflow port of the cabin may be used for moving air through the heat exchanger 

In a number of embodiments, air exiting the outflow port is passed through a turbine interposed the cabin and the 
♦n l ST ""JlT* the tUrtjine expandS and 00018 the air ^nausted from the cabin to further cool the air supplied 

h T' t J r0U9h 11 the seoond in| et and outlet of the heat exchanger. The turbine may be used to drive a compressor 
which is mechanically coupled to the turbine. The compressor receives ram air and compresses the ram air (relative to 
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ambient) to provide compressed air to the compressor outlet. The compressed air is passed through the heat 
exchanger where it is cooled prior to entering the controlled space or cabin. To supply additional power for driving the 
compressor, one embodiment uses a second turbine which is mechanically coupled to the compressor. The second tur- 
b.ne receives bleed air from at least one engine and has an outlet in fluid communication with the heat exchanger Alter- 

5 natively, a motor may be coupled to the compressor for providing energy to drive the compressor. The motor receives 
electrical power from a generator coupled to one of the engines. 

A number of advantages are associated with the present invention. R>r example, the present invention recovers 
energy from air exhausted from the cabin to improve efficiency of the environmental control system. The present inven- 
tor) provides a number of alternatives to reduce or eliminate the use of bleed air from one or more turbine engines 

10 While particularly suited for aircraft applications, the present invention may be utilized for any application having a pres- 
surized space or cabin. M K 

While embodiments of this invention are illustrated and disclosed, these embodiments should not be construed to 
imit the claims. It is anticipated that various modifications and alternative designs may be made without departing from 
the scope of this invention. 

15 

Brief Description Of The Drawing 

r,' G ^ RE _l ' S 3 scnematic representation of one embodiment of Ihe present invention referred to as a minimum 
Weed configuration where the dotted lines represent conditions allowing adequate low temperature air to be sup- 
so plied to the water separator; 

FIGURE 2 is a schematic block diagram of another embodiment of the present invention referred to as an all-elec- 
tric configuration; 



25 



FIGURE 3 is a schematic block diagram of another configuration for the present invention illustrating an all-electric 
configuration under maximum cooling demand; 

FIGURE 4 is a schematic block diagram illustrating an ECS configuration using an outflow turbine and bleed turbine 
to drive corresponding generators; 

30 

FIGURE 5 illustrates another alternative configuration using an outflow turbine, ram air compressor and a second 
turbine and motor to drive the compressor in an all-electric configuration; 

FIGURE 6 illustrates an alternative minimum bleed configuration using switch dampers to alter the configuration 
35 based on cooling demand; and 

FIGURE 7 illustrates a minimum bleed configuration using switch dampers in a maximum economy mode. 
Best Mode For C arrying Out The Invention 
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Referring now to Figure 1 . an environmental control system (ECS), indicated generally by reference numeral 10 is 
shown. ECS 10 provides fresh, pressurized or compressed air to a controlled space such as cabin 12. As used herein 
cabin refers to the entire volume within the pressurized shell of an enclosed space such as the fuselage of an aircraft' 
In general cabin 12 includes one or more inflow ports, indicated generally by reference numeral 14, for supplying fresh' 
pressurized air to cabin 1 2. The pressure within cabin 1 2 may be regulated by restricting the air exiting cabin 1 2 through* 
an outflow port, indicated generally by reference numeral 1 6. Preferably, air passing through outflow port 1 6 is restricted 
by varying turbine parameters, as described in greater detail herein. However, an outflow valve may be used where 
required in combination with varying turbine inlet geometry. At a constant cabin pressure, the rate of air supplied 

£r5£ i ^ IT 8 ' bS ,f Ual *° the 3ir exhausted fr ° m cabin 12 through outflow port 16 in addition to air lost 
through leaks, indicated generally by reference numeral 18. The leaks represent both intentional and unintentional out- 
ward flow of air such as may occur through door seals, or pressure shell penetrations by tubes, wires, and the like 
Throughout the drawings, double arrows are used to indicate air exhausted to atmosphere, or ambient 

ECS 1 0 is powered by at least one turbine engine 20. In one embodiment of the present invention, three such tur- 
bine engines are used to power an aircraft. Ram air. indicated generally by reference numeral 22. entere engine 20 
through fan 24 before passing through multi-stage compressor 26. The compressed air is fed to a combustion chamber 
28 where . is mixed with fuel from a fuel source 30. The combustion process is used to drive turbine 32 which is 
mechanically coupled by shaft 34 to compressor 26. The jet exhaust then passes to atmosphere as indicated generally 
by reference numeral 36. 
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A transmission or gear box 38 is mechanically coupled to shaft 34 to selectively drive a generator 40 which gener- 
ates electrical power, generally indicated by reference numeral 42, to meet the electrical demands of the vehicle. 

Air may be extracted from engine 20 from fan 24 as indicated by reference numeral 44 or from a bleed port 46 Ref- 
erence numeral 46 represents both high stage, and low stage bleed air. Typically, low stage bleed air is extracted from 
the eighth stage of multi-stage compressor 26 whereas high stage bleed air is extracted from the fourteenth stage of 
multi-stage compressor 26. The embodiment illustrated in Figure 1 may be referred to as a minimum bleed configura- 
tion since the bleed air extracted is reduced from the prior art requirement of about 7.5 pounds (mass) per second (pps) 
to about 4 pps. 

Bleed air (high stage or low stage) is extracted from bleed port 46 and passes through a pre-cooler 48 where it is 
» cooled by fan air 44. Preferably, pre-cooler 44 is a cross-flow, non-mixing, air-to-air heat exchanger which exhausts the 
cross-flow air to atmosphere as indicated by reference numeral 50. Due to the reduced flow requirements, pre-cooler 
48 need reject only about 345 kw as opposed to the prior art design which requires heat rejection of about 640 kw. As 
such, less air is required from fan 24 to achieve the required cooling. This may contribute to savings in percent SFC as 
described herein. 

A portion of the air exiting pre-cooler 48 is diverted as indicated by reference numeral 52 to provide anti-ice func- 
tions for the aircraft. The remaining air flow is directed into one or more packs 54 for cooling prior to being supplied to 
cabin 12. Depending upon the particular application, an aircraft may have one pack associated with each engine mul- 
tiple engines associated with a single pack, or multiple packs associated with one or more engines. For purposes of 
describing the present invention, pack 54 represents one or more packs which satisfy the cooling and fresh air require- 
ments for cabin 12. Air entering pack 54 may be routed through a first path, indicated generally by reference numeral 
56, or a second path, indicated generally by reference numeral 58. depending upon the particular cooling demand and 
pressure differential between cabin 12 and ambient. The path indicated by solid lines 56 represents the path used to 
provide maximum cooling to an aircraft on a hot. humid day during a sea level climb. 

As indicated in Figure 1. path 56 routes bleed air from pre-cooler 48 to heat exchanger 60. Heat exchanger 60 
includes a first inlet and corresponding first outlet in fluid communication with outflow port 16 of cabin 12. Heat 
exchanger 60 also includes a second inlet and corresponding second outlet in fluid communication with inflow port 14 
of cabin 12. As such, air exhausted from cabin 12 passes through the first inlet and outlet of heat exchanger 60 to cool 
air supplied to cabin 1 2 through the second inlet and outlet to increase the efficiency of the system. 

As indicated in Figure 1 . heat exchanger 60 may be alternatively placed in fluid communication with inflow port 14 
of cabin 12 through water separator 62 either directly, as indicated by dashed line 64. or through turbine 66 deoendino 
upon the cooling demand of cabin 12. 

A compressor 68 receives ram air 22 through a compressor inlet to provide compressed air at the compressor out- 
let which is mixed with bleed air from engine 20 before entering second inlet of heat exchanger 60. Compressor 68 is 
mechanically coupled to and driven by turbine 66. Compressor 68 may also be driven by a second turbine 70 which is 
mechanically coupled thereto via shaft 72 when operating in the high efficiency mode, such as during cruising at alti- 
tude. Second turbine 70 is driven by bleed air from engine 20 as indicated generally by reference numeral 58 As such 
turbine 70 is selectively mechanically coupled to compressor 68 when functioning in the maximum efficiency or econ- 
omy mode. The outlet of turbine 70 is then in fluid communication with the outlet of compressor 68 where air is mixed 
prior to entering the second inlet of heat exchanger 60. 

To supply additional air flow through the first and second inlet and outlet of heat exchanger 60. ram air may be pro- 
vided during economy mode through path 74. For maximum cooling, a low pressure fan 76 may be used to extract avail- 
able cooling effect from air exiting cabin 12 through outflow port 16. In general, on a hot. humid day, the air exiting cabin 
12 contains a significant amount of cooling effect which may be exploited via heat exchanger 60. Low pressure fan 76 
is used to provide a sufficient air flow when a reduced pressure ratio exists between cabin 12 and atmosphere or ambi- 
ent, such as typically occurs at or near sea level. Air exiting the first outlet of heat exchanger 60 is exhausted to ambient 
as indicated generally by reference numeral 78. 

The minimum bleed configuration illustrated in Figure 1 is based on providing the majority, if not all. of the cabin air 
from compression of ram air through compressor 68. The duty of such a compressor is constant in mass flow rate and 
requires pressure rises far smaller than those produced at the bleed stage of the engines. This approach recovers as 
much energy as possible from air exiting cabin 12 through outflow port 16. In the maximum economy mode, this air is 
passed through turbine 66 whose power is used to partially supply the energy to drive compressor 68 via shaft 80 As 
stated above, the outflow air has considerable available energy with respect to the outside ambient in most flight 
regimes other than at low altitudes. For example, considering a typical application at 35.000 feet altitude, a turbine 66 
having an adrabatic efficiency of 80% would be able to recover 29.5 kw for each pps of air flow. For an inflow rate of 
about 6 pps at 35.000 feet, and a leak rate of about 1 pps. the energy available from the outflow air of about 5 pps can 
be recovered whrch amounts to around 1 50 kw. Use of turbine 66 also provides another serendipitous effect: the air exit- 
ing turbine 66 is significantly cooler than ambient air such that rt serves as an excellent heat sink for the heat exchange 
process of pack 54. The additional power to drive compressor 68 may be provided by the selectably engageable tuibine 
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70 or alternatively by a motor, as illustrated and described herein. 

For the configuration illustrated in Figure 1. representative calculations result in a required effectiveness for heat 
exchanger 60 of about 0.74 as opposed to the required effectiveness of the prior art configuration which exceeds 0.90. 
iMTr £ exf an9er 60 can b e smaller than the existing heat exchanger resulting in attendant savings in manufac- 
turing costs and fuel cost during operation. 

At low altitudes in hot conditions, the high efficiency configuration indicated by dashed lines in Figure 1 is modified 
to the maximum cooling configuration as indicated by the double solid lines of Figure 1. Under these conditions, the 
exhaust a.r from the cabin still provides a better heat sink than the ambient air so low pressure fan 76 is included to 
move the exhaust air through heat exchanger 60. To achieve the low temperatures needed to dehumidify and handle 
the coolmg loads, ram air is compressed by compressor 68 up to the bleed pressure and merged with bleed air prior to 

HHH^S ,n ?!?^ C ? an9 .T 6 °- Turt3ine 66 iS ,hen USed t0 expand and 0001 su PP'y air Prior to entering water 
separator 62 and distribution ducts within cabin 12. 

Computer simulations have been performed assuming isentropic efficiency of 80% for all turbo machines and 90% 

«™f .° m 1* TST ^ 96ar b0X 38 and 9 enerator 40 The Parameters (heat rate, effectiveness, and log-mean 
temperature difference) for heat exchanger 60 operations were determined and operating conditions adjusted as 
required to match predetermined boundary conditions. In this embodiment, a model CF6-80 jet engine manufactured 
by General Electric was utilized. Other assumptions used for the simulation were that the fan bleed generated by fan 24 

IiISh;^? r6dUCed pr ° portional t0 the reduction in the rate of bleed air exiting port 46 and that a constant 

electric load of 165 kw was prov.ded for miscellaneous electrical loads. This configuration was analyzed for climb and 
descent flight regimes at sea level. 1 0K, 20K. 30K. and 40K feet and cruise at 43K feet. The computer simulations indi- 
cate a potential fuel savings of 3.31% SFC at cruise levels. 

Referring now to Figures 2 and 3. another embodiment of an environmental control system according to the 
present ,nvent.on is shown. This embodiment may be referred to as an "all-electric" configuration since the use of bleed 
air from engine 20 has been eliminated. Figure 2 illustrates the all-electric configuration having flows selectively 
arranged for maximum economy, while Figure 3 illustrates the flows to achieve maximum cooling. Likewise. Figure 2 is 
descnbed using representative calculations for a 35.000 foot cruise, while Figure 3 uses representative calculations for 
a hot day sea level climb. Like reference numerals indicate similarity of function for components illustrated and 
described wrth reference to Figure 1. One of ordinary skill in the art will recognize that various flow rates, heat 
™JI 9 f r' 3 " 161 !' 5 ' T d °_! her SUCh considerations wi " «ry depending upon the particular application. As such, the 
representative numbers found throughout the specification are provided to establish the viability of the various configu- 
rations under different operating conditions. The actual numbers may be ascertained for each particular application by 

nr?,! 0 !^ ? ,n Tl 3 ' 1 F ° r eXamp,e ' WhHe Pre - COO ' er 48 ° f Fi9ures 2 and 3 Wears schematically identical to 
Pre-cooler 48 of Figure 1. the pre-cooler of Figures 2 and 3 must provide less heat rejection since the bleed air has been 

iT^nZZ h ^ UnCti ° n il AS SUCh ' b,6ed 3ir thr ° U9h pte - COOler 48 of Fi9ures 2 and 3 is P™*^ only for the 
anti-ice function, indicated generally by reference numeral 52 

The all-electric configuration illustrated in Figures 2 and 3 may require a larger gear box 38 and generator 40 than 

™ ZZfT d ' n 9J? m P° nents ° f R 9ure 1 to accommodate the increased electrical demand. For the maximum econ- 

rriT^ HI ^ T B • 9enerat0r 40 mUSt Pr0vide 1 65 hw of electrical P° wer to cabin 1 2 in addition to approx- 
mately 143 kw of electrical power for motor 100 which is mechanically coupled to compressor 68 via shaft 72 Due to 
h , e 0 ^™ X,ma, k e conversion efficiency of 90% used for motor 100. the 143 kw of electrical power is converted to about 
129 kw of mechanical power transmitted to compressor 68 via shaft 72 

wh JH ; he = conf | ig " ration 2 > compressor 68 pressurizes ram air 22 which passes through heat exchanger 102 

romnJUn « Tf^ e xhausted ,rom cabin « through outflow port 16. Turbine 66 is mechanically coupled to 
compressor 68 via shaft 80. Turbine 66 includes an inlet in fluid communication with outflow port 16 of cabin 12 and an 
outlet in fluid communication with a first inlet and corresponding first outlet of heat exchanger 102 to cool the air exiting 
compressor 68 and passing through a second inlet and corresponding second outlet of heat exchanger 102. Turbine 66 
«f „ - a L JL? 8d ! r ° m C3bin 1 2 10 9enerate 34)001 1 56 of mechanical power to drive compressor 68 

^Ttf^llTT' f T al ram air 22 may be provided via path 74 10 the firet in,et and out,et of heat axcnan 9er 

Z <L uZt « M !°k ° r thiS confi9uration - heat exchanger 102 rejects about 293 kw of thermal ene^y 

but requires an effectiveness of about 0.93 to accommodate the maximum cooling regime illustrated in Figure 3 

To provide maximum cooling on a hot day at low altitude, the configuration of Figure 2 is modified via appropriate 
mechanization to achieve the configuration of Figure 3. Under these conditions, generator 40 must provide about 235 

c ^ POW6r 10 TV™ in additi0n t0 the 165 * 0f electrical power rec » uired for var 'ous equipment within 

^P«n! «« . ' 9enerat0r 40> m ° t0r 100 ' and 9ear box 38 shou,d p e ^ed accordingly. In this configuration, com- 
Z I 3 "! Z T deHVerS pressurized a f t0 sa cond inlet and corresponding second outlet of heat 
comr^tinn T h f of Fi9ure 2- However, the second outlet of heat exchanger 102 is in fluid 

k"1 1 Urt> ' ne 66 WWCh 6XpandS and C00,s the air prior to entering water separator 62 and 

passmg through inflow port 14 of cabin 12. Fan 76 is used to provide additional air flow through first inlet and outlet of 



5 



EP 0 888 966 A2 



10 



15 



20 



heat exchanger 1 02 since the pressure differential between cabin 12 and atmosphere is insufficient toprovide the nec- 
essary heat rejection, approximately 370 kw, by heat exchanger 102. Motor 100 provides about 21 1 kw of mechanical 
power to drive compressor 68 via shaft 72. Compressor 68 is also driven via shaft 80 by tuitine 66 which provides an 
additional 181 kw of mechanical power. Fan 76 requires about 2 kw of electrical power which is incorporated into the 
power demand of the cabin equipment. 

As such, the environmental control system illustrated in Figures 2 and 3 includes compressor 68 which receives 
ram air 22 through a compressor inlet to provide compressed air at the compressor outlet. Heat exchanger 1 02 includes 
a first inlet and corresponding first outlet for cooling air from compressor 68 which passes through a second inlet and 
corresponding second outlet. The first inlet of heat exchanger 102 is in fluid communication with outflow port 16 of cabin 
12 when the system is in the maximum cooling mode while being in communication with the outlet of turbine 66 when 
the system is in the maximum economy mode. Turbine 66 is mechanically coupled to compressor 68 and includes an 
inlet in fluid communication with the second outlet port of heat exchanger 102 when the system is in the maximum cool- 
ing mode and in fluid communication with outflow port 16 when the system is in the maximum economy mode. Turbine 
66 also includes an outlet in communication with inflow port 14 of cabin 12 when the system is in the maximum cooling 
mode, but in fluid communication with the second inlet of heat exchanger 102 when the system is in the economy mode 
As such, heat exchanger 102 recovers available energy from air exhausted through outflow port 16 to cool air supplied 
to cabin 12 through inflow port 14. This configuration includes motor 100 which is mechanically coupled to compressor 
68 for driving the compressor while functioning in both the maximum cooling mode and the economy mode 

Referring now to Figure 4, another embodiment of an environmental control system according to the present inven- 
tron is shown. The hexagons of Figure 4 are used to identify representative values for temperatures and pressures of 
air at various points throughout the system as summarized in Table 1 below. 
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FULL BLEED FLOW CONFIGURATION 




43,000 FEET CRUISE 


Symbol 


P (psia) 


TCR) 


1 


29.3 


856.9 


2 


13.7 


725.4 


3 


3.38 


402.1 


4 


2.35 


649.1 


A 


2.35 


416.3 


C 


10.92 


535.0 


D 


11.45 


520.0 


Pi 


4.78 


503.9 


P 2 


4.67 


929.8 


V 


10.85 


520.0 



As indicated in Table 1 . this configuration may be referred to as a "full bleed flow configuration". This arrangement 
provides electrical recovery of both outflow air and bleed air energy which is eventually converted ba<* to mechanical 
energy provided to engine 20 through a motor 1 1 0. In this configuration, a first turbine 1 12 is interposed cabin 1 2 and 
heat exchanger 114 such that the inlet of turbine 112 is in fluid communication with outflow port 16 of cabin 12 while 
the outlet of turbine 1 1 2 is in fluid communication with the first inlet and corresponding first outlet of heat exchanger 1 1 4 
Turbine 112 expands and cools air exhausted from cabin 12 to further cool air passing through second inlet and corre- 
sponding second outlet of heat exchanger 114 prior to entering inflow port 14 of cabin 12. Turbine 112 is mechanically 
coupled to an electric generator 1 1 6 via shaft 1 1 8 to convert about 1 45 kw of mechanical power to about 131 kw of elec- 
trical power assuming an efficiency of about 90%. The electrical power is used to supply the power requirements for 
cabin 12 while excess power is fed to motor 110 to help drive compressor 26 via shaft 34 and gear box 38. A second 
turbine 120 receives bleed air from bleed port 46 of engine 20. Turbine 120 is mechanically coupled to generator 122 
to convert mechanrcal energy from the turbine to electrical energy for cabin 12 and/or motor 110. Assuming the repre- 
sentative numbers provided in Table 1. turbine 120 provides approximately 200 kw of mechanical power to generator 
122 via shaft 124 which is converted to about 180 kw of electrical power. Air exiting the outlet of turbine 120 passes 
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through the second inlet and corresponding second outlet of heat exchanger 114 prior to entering cabin 12 through 
irflow port 14. Based on the representative numbers provided in Table 1, the effectiveness of the heat exchanger 114 
should be about 0.76. 

As with the embodiments illustrated in Figures 1-3. heat exchanger 114 is preferably a cross-flow, non-mixing, air- 
to-air heat exchanger. While not specifically illustrated, this embodiment also includes a water separator placed 
between heat exchanger 114 and inflow port 1 4 of cabin 12. 

k ! « S S«? n c^ r ,f resentative "umbers of Table 1. the configuration of Figure 4 indicates a potential fuel savings of 
about 0.91% SFC for a typical application cruising at 43.000 feet altitude. 

Referring now to Figure 5. another embodiment of an environmental control system according to the present inven- 
tion ,s shown. The configuration of Figure 5 is an alternate all-electric configuration which does not use bleed air or the 
function. While pre-cooler 48 of Figure 4 appears schematically identical to pre-cooler48 of Figures 1-4 the pre- 
cooler of Figure 5 provides less heat rejection since the bleed air has been eliminated from the ECS function. As such 
bleed air through pre-cooler 48 of Figure 5 is provided only for the anti-ice function, indicated generally by reference 
numeral 52 Generator 1 30 converts about 445 kw of mechanical power to about 400 kw of electrical power to supply 
165 kw of electncal power to cabin 12 and about 235 kw of electrical power to motor 132. Tuibine 70 is mechanically 
coupled and driven by motor 132 via shaft 134. Turbine 70 is also mechanically coupled to compressor 68 via shaft 72 
A first directional valve 136 operates in conjunction with a second directional valve 138 to selectively place turbine 70 
in fluid communication with heat exchanger 142. This provides additional cooling in a maximum cooling mode where 
energy recovery from the outflow air is insufficient to meet the cooling requirements for cabin 12 

As also illustrated in Figure 5. a mixing valve 140 is provided to supply ram air via path 144 to heat exchanger 142 
where necessary The ram air is combined with air exhausted from the outlet of turbine 66 prior to passing through heat 
exchanger 142. To improve efficiency of the ECS when cooling demand is lower, directional control valves 136 and 138 
are actuated to remove turbine 70 from the flow path. As such, heat exchanger 1 42 is in fluid communication with inflow 
port 14 of cab.n 12 through a water separator (not specifically illustrated). As with Figure 4. representative numbers for 
the various states indicated by the hexagons of Figure 5 are summarized in Table 2 below 
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TABLE 2 

ALL ELECTRIC CONFIGURATION 





SEA LEVEL CLIMB 


43,000 FEET CRUISE 


Symbol 


P (psia) 


T(<>R) 


P (psia) 


1 T( ° R) 


1 


37.0 


588 






2 


17.1 


495 






3 


38.0 


778.0 


13.22 


734.2 


4 


38.0 


778.0 


13.22 


734.2 


5 




572.4 




371.8 


6 




572.4 




371.8 


7 




762.8 




665.6 


A 


14.7 


562.7 


2.35 


416.3 


C 


14.7 


535 


10.92 


535 


D 


17.1 


495 


12.22 


483.6 


P 


125.7 


1119.1 


34.82 


999.5 


Pi 


19.27 


640.0 


4.70 


503.9 


P 2 


17.14 


754.2 


4.67 


929.8 


R 


16.22 


578.8 


3.66 


472.7 


V 


14.63 


570 







Referring now to Figures 6 and 7. another embodiment of an environmental control system according to the 
present inventton is shown. Figure 6 illustrates the flow path for a maximum cooling mode of operation while Figure 7 
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illustrates the flow path for a maximum economy mode of operation. The flow path is altered using one or more switch 
dampers such as first switch damper 150, second switch damper 152, and third switch damper 154. Representative 
numbers for pressures and temperatures throughout the system are indicated by the hexagons in the Figures and sum- 
marized below in Table 3 for various operating conditions. 
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TABLE 3 

MINIMUM BLEED AIR CONFIGURATION PRESSURES AND TEMPERATURES 





SEA LEV 


'EL CLIMB 


43,000 FEET CRUISE MAX 
ECONOMY 


43,000 FEET CRUISE 




P (psia) 


T(°R) 


P (psia) 


T(°R) 


P (PSia) 




1 


56.6 


642.7 


29.26 


856.9 


34.82 


999.5 


2 


17.3 


i 495.0 


| 13.22 


717.7 


13.22 


806.2 


3 


57.6 


894.4 


13.22 


734.2 


13.22 


734.2 


4 


57.6 


842.6 


728.2 


13.22 


13.22 


757.5 


5 


14.9 


572.4 


2.55 


*37? ft 




371.8 


6 


14.9 


572.4 


2.55 


371.8 


2.55 


371.8 


7 




772.8 




666.1 




657.5 


A 


14.7 


562.6 


2.35 


416.3 


2.35 


416.3 


B 


57.60 


798.4 


29.26 


856.9 


34.82 


999.5 


C 


14.78 


535 


10.92 


535 


10.92 


535 


D 


17.10 


41.07 


12.22 


483.6 


12.24 


520 


P 


125.7 


1119.1 


34.82 


999.5 


34.82 


999.5 


Pi 


19.27 


640.0 


4.78 


503.9 j 


4.78 


503.9 


P 2 


17.14 


754.2 


4.67 


929.8 


4.67 


92.95 


R 


16.22 


578.8 


3.66 


472.7 


3.665 


472.6 


V 


14.63 


570 


10.85 


510 


10.85 


5.0 



40 



45 



50 



55 



As illustrated in Figures 6 and 7, switch dampers 1 50, 1 52 and 1 54 are used to selectively couple the inlet of turbine 
70 either directly to the bleed air from engine 20 or to one second outlet of heat exchanger 160. At the same time the 
switch dampers also selectively couple the outlet of turbine 70 to either inflow port 14 of cabin 12 or the second inlet 
port of heat exchanger 160. Otherwise, the configuration illustrated in Figures 6 and 7 is similar to the minimum bleed 
configuration illustrated in Figure 1 The switch dampers function to reroute the flows such that, when needed the bleed 
and compressed ram flows can be combined and then pre-cooled in heat exchanger 160. Further expansion through 
turbine 70 brings the temperature down to the 35»F needed to support the water separation function performed by a 
water separator (not specifically illustrated). The switch dampers are needed only for the infrequent low-altitude and 
ground-cooling modes such that they are designed to be low loss devices when in the "straight-through" mode illus- 
trated in Figure 7. 

Fan 76 is shown in parallel with a check valve 162 to accommodate those cases where the cabin pressure is insuf- 

T'T *° supp ° rt the exhaust of conditioned air from cabin 12. Depending upon the particular application, the air driven 
by fan 76 may bypass tuibine 66. 

For 311 the embodiments illustrated and described which utilize a turbine in fluid communication with the outflow port 
1 6 of cabin 12, every attempt should be made to make the turbine variable or controllable to provide a means of regu- 
lating the outflow rate at a particular pressure condition so as to regulate the rate of change of cabin pressure for a given 
inflow rate from the one or more packs. This may be accomplished by using adjustable or controllable inlet guide vanes 
or first-stage stator blades in the turbine. In an ideal case, such an arrangement makes an outflow valve unnecessary. 
However, an outflow valve may be provided in parallel to pass a small, variable amount of air to the ambient to accom- 
plish cabin pressure control. Use of the outflow valve should be minimized, however, since any air exhausted through 
the outflow valve represents lost work. 
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While embodiments of the invention have been illustrated and described, it is not intended that such disclosure 
Hlustrate and describe all possible forms of the invention. It is intended that the following claims cover all modifications 
and alternative designs, and all equivalents, that fall within the spirit and scope of this invention. 

According to its broadest aspect the invention relates to an environmental control system for a pressurized cabin 
having an inflow port for supplying air to the cabin and an outflow port for exhausting air from the cabin, the system com- 
prising: a heat exchanger having a first inlet and conesponding first outlet in fluid communication with the outflow port 
OT the cabin. r 

mml if?*! ^ thS ° bjeCtS and advanta 9 es <* th * Mention may be attained by means of any compatible 

combination^) part.cularly pointed out in the items of the following summary of the invention and the appended claims. 

SUMMARY OF THE INVENT^ 

1 . An environmental control system for a pressurized cabin having an inflow port for supplying air to the cabin and 
an outflow port for exhausting air from the cabin, the system comprising: 

a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outflow port 
of the cabin the heat exchanger also having a second inlet and corresponding second outlet in fluid commu- 
nication wrth ttie inflow port of the cabin, wherein air exhausted from the cabin passes through thefirst inlet and 
outlet of the heat exchanger to cool air supplied to the cabin through the second inlet and outlet to increase 
efficiency of the system. 

2. The system further comprising a fan interposed the first inlet of the heat exchanger and the outflow port of the 

T* r T,nZ? ? *" hea< excnan 9 er when «*» assure is insufficient to attain a desired cooling level 

or air supplied to the inflow port of the cabin. 

3. The system further comprising: 

a turbine interposed the cabin and heat exchanger having a turbine inlet in fluid communication with the outflow 
port of the cabin and a turbine outlet in fluid communication with the first inlet of the heat exchanger, the turbine 
expanding and cooling the air exhausted from the cabin to further cool the air supplied to the cabin. 

4. The system further comprising: 

a compressor mechanically coupled to and driven by the turbine, the compressor receiving ram air through a 
STT f k * *" d f 0171 ^ 55 '^ ^e ram air to provide compressed air at a compressor outlet, the compres- 
sor outlet being in fluid communication with the second inlet of the heat exchanger. 

5. The system further comprising: 

a motor coupled to the compressor for providing energy to drive the compressor. 

6. The system further comprising. 



a second turbine mechanically coupled to the compressor for providing energy to drive the compressor the 
second turbine having an inlet for receiving bleed air from at least one engine and an outlet in fluid communi- 
cation with the second inlet of the beat exchanger. 

7. The system further comprising: 

l ?^ T reC6iVing b,e6d air fr0m at ,east one en 9 ine and an out,et in commu- 
nication with the second inlet of the heat exchanger; and 

a generator coupled to the second turbine for converting mechanical energy from the second turbine to elec- 
trical energy for the cabin. 

8. The system further comprising: 

^generator coupled to the turbine for converting mechanical energy from the turbine to electrical energy for the 
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9. An environmental control system for a vehicle powered by at least one turbine engine, the vehicle including a 
cabin having an inflow port for receiving conditioned air and an outflow port for exhausting air. the system compris- 

a first turbine having an inlet in fluid communication with the outflow port of the cabin, the first turbine expand- 
ing and cooling the air exhausted from the cabin, the air exiting the first turbine through an outlet; 
a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outlet of the 
first turbine for cooling air passing through a second inlet and corresponding second outlet prior to entering the 
inflow port of the cabin; ~ a 

a compressor mechanically coupled to and driven by the first turbine, the compressor receiving ram air through 
a compressor inlet to provide compressed air at a compressor outlet, the compressor outlet being in fluid com- 
munication with the second inlet of the heat exchanger; 

a second turbine mechanically coupled to the compressor for providing energy to drive the compressor, the 
second turbine having an inlet receiving bleed air from the engine and an outlet providing conditioned air to the 
cabin; and 

at least one switch damper for selectively coupling the inlet of the second turbine either directly to the bleed air 
from the engine or to the second outlet of the heat exchanger and for selectively coupling the outlet of the sec- 
ond turbine to either the inflow port of the cabin or the second inlet port of the heat exchanger. 

10. The system further comprising: 

a fan interposed the outflow port of the cabin and the inlet of the first turbine for selectively moving air through 
the first turbine and the heat exchanger when a reduced pressure ratio across the turbine provides insufficient 
air movement. 

1 1 The system further comprising a motor coupled to the second turbine and the compressor to provide additional 
energy to drive the compressor. 

12. The system wherein at least one switch damper comprises: 

a first switch damper interposed the engine and the second turbine having a first selectable state for coupling 
bleed air from the engine to the inlet of the second turbine and a second selectable state for coupling bleed air 
from the engine to the outlet of the compressor and the second outlet of the heat exchanger to the inlet of the 
second turbine; 

a second switch damper interposed the first switch damper and the compressor having a first selectable state 
for coupling the outlet of the second turbine to the outlet of the compressor and a second selectable state for 
coupling the bleed air from the engine to the outlet of the compressor and the outlet of the second turbine to 
the inflow port of the cabin; and 

a third switch damper interposed the heat exchanger and the cabin having a first selectable state for coupling 
the second outlet of the heat exchanger to the inflow port of the cabin and a second state for coupling the outlet 
of the second turbine to the inflow port of the cabin and the second outlet of the heat exchanger to the inlet of 
the second turbine. 

13. The system further comprising: 

a switch damper interposed the first turbine and the heat exchanger having a first selectable position for cou- 
pling the outlet of the first turbine to the first inlet of the heat exchanger and a second selectable position for 
coupling ram air to the first inlet of the heat exchanger. 

1* An environmental control system for an aircraft powered by at least one turbine engine, the aircraft including a 
cabin having an .nf low port for receiving conditioned air and an outflow port for exhausting air. the system compris- 



ing 



a first turbine having an inlet in fluid communication with the outflow port of the cabin, the first turbine expand- 
ing and cooling the air exhausted from the cabin, the air exiting the first turbine through an outlet- 
a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outlet of the 
tiret turbine for cooling air passing through a second inlet and corresponding second outlet prior to entering the 
inflow port of the cabin; 

a compressor mechanically coupled to and driven by the first turbine, the compressor receiving ram air through 
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a compressor inlet to provide compressed air at a compressor outlet, the compressor outlet being in fluid com- 
munication with the second inlet of the heat exchanger; 

a second turbine selectively coupled to the compressor having an inlet selectively coupled to the second outlet 
of the heat exchanger and an outlet selectively coupled to the inflow port of the cabin; 
a motor selectively coupled to the second turbine and coupled to the compressor for providing driving energy 
to the compressor; 

a first directional valve interposed the heat exchanger and the inflow port of the cabin for selectably coupling 
the second outlet of the heat exchanger to either the inlet of the second turbine or the inflow port of the cabin- 
and 

a second directional valve interposed the first directional valve and the inflow port of the cabin for selectably 
coupling either the outlet of the second turbine or the second outlet of the heat exchanger to the inflow port of 
the cabin. 

15. The system further comprising: 

a fan interposed the outflow port of the cabin and the inlet of the first turbine for selectively moving air through 
the first turbine and the heat exchanger when a reduced pressure ratio across the turbine provides insufficient 
air movement. 

20 1 6. The system further comprising: 

a mixing valve interposed the outlet of the first turbine and the first inlet of the heat exchanger for selectively 
mixing ram air with air exiting the outlet of the first turbine. 
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1 7. An environmental control system for an aircraft powered by at least one turbine engine, the aircraft including a 
cabin having an inflow port for receiving air supplied to the cabin and an outflow port for exhausting air from the 
cabin, the system having a maximum cooling mode and an economy mode, the system comprising: 

a compressor receiving ram air through a compressor inlet to provide compressed air at a compressor outlet; 
a heat exchanger having a first inlet and corresponding first outlet for cooling air passing through a second inlet 
and corresponding second outlet, the first inlet being in fluid communication with the outflow port of the cabin 
when in the maximum cooling mode; and 

a first turbine mechanically coupled to the compressor, the first turbine having an inlet in fluid communication 
with the second outlet port of the heat exchanger when in the maximum cooling mode and in fluid communica- 
tion with the outflow port when in the economy mode, the first turbine also having an outlet in communication 
with the inflow port of the cabin when in the maximum cooling mode, the outlet being in fluid communication 
with the second inlet of the heat exchanger when in the economy mode, wherein the heat exchanger recovers 
energy from air exhausted from the cabin to cool air supplied to the cabin. 

18. The system further comprising a second turbine selectively mechanically coupled to the compressor when 
functioning in the economy mode, the second turbine having an inlet receiving bleed air from the engine and an out- 
let in fluid communication with the outlet of the compressor when functioning in the economy mode. 

19. The system further comprising a motor mechanically coupled to the compressor for driving the compressor 
while functioning in both the maximum cooling mode and the economy mode. 

20. A method for improving efficiency of an environmental control system for a cabin having an inflow port supplying 
air to the cabin and an outflow port exhausting air from the cabin, the method comprising: 

supplying compressed air to the cabin; and 

cooling the compressed air supplied to the cabin through the inflow port using air exhausted from the cabin 
through the outflow port to recover energy from the air exhausted from the cabin so as to improve efficiency of 
the environmental control system. 

21 The method wherein the step of cooling comprises expanding the air exhausted from the cabin using a turbine. 
22. The method further comprising: 

modulating operation of the turbine to control pressurization of the cabin. 
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Claims 



2. 



An environmental control system for a pressurized cabin having an inflow port for supplying air to the cabin and an 
outflow port for exhausting air from the cabin, the system comprising: 

a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outflow port 
of the cabin, the heat exchanger also having a second inlet and corresponding second outlet in fluid commu- 
nicatjon i with the inflow port of the cabin, wherein air exhausted from the cabin passes through the first inlet and 
outlet of the heat exchanger to cool air supplied to the cabin through the second inlet and outlet to increase 
efficiency of the system. 

The system of claim 1 further comprising a fan interposed the first inlet of the heat exchanger and the outflow port 
of the cabin for moving air through the heat exchanger when cabin pressure is insufficient to attain a desired coolinq 
level of air supplied to the inflow port of the cabin, and/or further preferably comprising: 

a turbine interposed the cabin and heat exchanger having a turbine inlet in fluid communication with the outflow 
port of the cabin and a turbine outlet in fluid communication with the first inlet of the heat exchanger the turbine 
expanding and cooling the air exhausted from the cabin to further cool the air supplied to the cabin and/or fur- 
ther preferably comprising: 

a compressor mechanically coupled to and driven by the turbine, the compressor receiving ram air through a 
compressor mlet and compressing the ram air to provide compressed air at a compressor outlet the compres- 
sor outlet being in fluid communication with the second inlet of the heat exchanger, and/or further preferably 
comprising: " ' 

prtei>ig r C ° Upled 10 thG COmpressor for P rovidin 9 energy to drive the compressor, and/or further preferably com- 

a second turbine mechanically coupled to the compressor for providing energy to drive the compressor, the 
second turbine having an inlet for receiving bleed air from at least one engine and an outlet in fluid communi- 
cation wrth the second inlet of the heat exchanger, and/or further preferably comprising- 
a second turbine having an inlet for receiving bleed air from at least one engine and an outlet in fluid commu- 
nication with the second inlet of the heat exchanger: and 

a generator coupled to the second turbine for converting mechanical energy from the second turbine to elec- 
trical energy for the cabin, and/or further preferably comprising: 

a generator coupled to the turbine for converting mechanical energy from the turbine to electrical energy for the 
cabin. 



3. An environmental control system for a vehicle powered by at least one turbine engine, the vehicle including a cabin 
navmg an inflow port for receiving conditioned air and an outflow port for exhausting air. the system comprising: 

a first turbine having an inlet in fluid communication with the outflow port of the cabin, the first turbine expand- 
ing and cooling the air exhausted from the cabin, the air exiting the first turbine through an outlet- 
a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outlet of the 
f irst turbine for cooling air passing through a second inlet and corresponding second outlet prior to entering the 
inflow port of the cabin; 

a compressor mechanically coupled to and driven by the first turbine, the compressor receiving ram air through 
a compressor inlet to provide compressed air at a compressor outlet, the compressor outlet being in fluid com- 
munication with the second inlet of the heat exchanger; 

a second turbine mechanically coupled to the compressor for providing energy to drive the compressor the 
second turbine having an inlet receiving bleed air from the engine and an outlet providing conditioned air to the 
cabin; and 

at least one switch damper for selectively coupling the inlet of the second turbine either directly to the bleed air 
from the engine or to the second outlet of the heat exchanger and for selectively coupling the outlet of the sec- 
ond turbine to either the inflow port of the cabin or the second inlet port of the heat exchanger 



The system of any of the preceding claims further comprising: 



a fan interposed the outflow port of the cabin and the inlet of the first turbine for selectively moving air through 
the first turbine and the heat exchanger when a reduced pressure ratio across the turbine provides insufficient 
air movement, and/or further preferably comprising 



12 



15 



30 



35 



40 



45 



50 



55 



EP0 888S66A2 

a motor coupled to the second turbine and the conpressor to provide additional energy to drive the compres- 
sor, and/or wherein preferably at least one switch damper comprises: 

a first switch damper interposed the engine and the second turbine having a first selectable state for coupling 
bleed air from the engine to the inlet of the second tubine and a second selectable state for coupling bleed air 
s from the engine to the outlet of the compressor and the second outlet of the heat exchanger to the inlet of the 

second turbine; 

a second switch damper interposed the first switch damper and the compressor having a first selectable state 
for coupling the outlet of the second turbine to the outlet of the compressor and a second selectable state for 
coupling the bleed air from the engine to the outlet of the compressor and the outlet of the second turbine to 
10 the inflow port of the cabin; and 

a third switch damper interposed the heat exchanger and the cabin having a first selectable state for coupling 
the second outlet of the heat exchanger to the inflow port of the cabin and a second state for coupling the outlet 
of the second turbine to the inflow port of the cabin and the second outlet of the heat exchanger to the inlet of 
the second turbine, and/or further preferably comprismg: 

a switch damper interposed the first turbine and the heat exchanger having a first selectable position for cou- 
pling the outlet of the first turbine to the first inlet of the heat exchanger and a second selectable position for 
coupling ram air to the first inlet of the heat exchanger. 

5. An environmental control system for an aircraft powered by at least one turbine engine, the aircraft including a cabin 
having an inflow port far receiving conditioned air and an outflow port for exhausting air, the system comprising: 

a first turbine having an inlet in fluid communication with the outflow port of the cabin, the first turbine expand- 
ing and cooling the air exhausted from the cabin, the air exiting the first turbine through an outlet- 
a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outlet of the 
first turbine for cooling air passing through a second inlet and corresponding second outlet prior to entering the 
inflow port of the cabin; ~ 

a compressor mechanically coupled to and driven by the first turbine, the compressor receiving ram air through 
a compressor inlet to provide compressed air at a compressor outlet, the compressor outlet being in fluid com- 
munication with the second inlet of the heat exchanger; 

a second turbine selectively coupled to the compressor having an inlet selectively coupled to the second outlet 
of the heat exchanger and an outlet selectively coupled to the inflow port of the cabin- 
a motor selectively coupled to the second turbine and coupled to the compressor for providing driving energy 
to the compressor; " a/ 

a first directional valve interposed the heat exchanger and the inflow port of the cabin for selectably coupling 
the second outlet of the heat exchanger to either the inlet of the second turbine or the inflow port of the cabin 
and 

a second directional valve interposed the first directional valve and the inflow port of the cabin for selectably 
coupling either the outlet of the second turbine or the second outlet of the heat exchanger to the inflow port of 
the cabin. 

6. The system of any of the preceding claims further comprising: 

a fan interposed the outflow port of the cabin and the inlet of the first turbine for selectively moving air through 
the first turbine and the heat exchanger when a reduced pressure ratio across the turbine provides insufficient 
air movement, and/or further preferably comprising: 
a mixing valve interposed the outlet of the first turbine and the first inlet of the heat exchanger for selectively 
mixing ram air with air exiting the outlet of the first turbine. 

7. An environmental control system for an aircraft powered by at least one turbine engine, the aircraft including a cabin 
having an .nflow port for receiving air supplied to the cabin and an outflow port for exhausting air from the cabin 
the system having a maximum cooling mode and an economy mode, the system comprising: 

a compressor receiving ram air through a compressor inlet to provide compressed air at a compressor outlet 
a heat exchanger having a first inlet and corresponding first outlet for cooling air passing through a second inlet 
and corresponding second outlet, the first inlet being in fluid communication with the outflow port of the cabin 
when in the maximum cooling mode; and 

a first turbine mechanically coupled to the compressor, the first turbine having an inlet in fluid communication 
with the second outlet port of the heat exchanger when in the maximum cooling mode and in fluid communica- 
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tion with the outflow port when in the economy mode, the first turbine also having an outlet in communication 
with the inflow port of the cabin when in the maximum cooling mode, the outlet being in fluid communication 
with the second inlet of the heat exchanger when in the economy mode, wherein the heat exchanger recovers 
energy from air exhausted from the cabin to cool air supplied to the cabin. 

The system of any of the preceding claims further comprising a second tuibine selectively mechanically coupled to 
the compressor when functioning in the economy mode, the second turbine having an inlet receiving bleed air from 
the engine and an outlet in fluid communication with the outlet of the compressor when functioning in the economy 
mode, and/or further preferably comprising a motor mechanically coupled to the compressor for driving the com- 
pressor while functioning in both the maximum cooling mode and the economy mode. 

A method for improving efficiency of an environmental control system for a cabin having an inflow port supplying air 
to the cabin and an outflow port exhausting air from the cabin, the method comprising: * 

supplying compressed air to the cabin; and 

cooling the compressed air supplied to the cabin through the inflow port using air exhausted from the cabin 
through the outflow port to recover energy from the air exhausted from the cabin so as to improve efficiency of 
the environmental control system. 

The method of any of the preceding claims wherein the step of cooling comprises expanding the air exhausted from 
the cabin using a turbine, and/or further preferably comprising: 

modulating operation of the tuibine to control pressurization of the cabin. 

An environmental control system for a pressurized cabin having an inflow port for supplying air to the cabin and an 
outflow port for exhausting air from the cabin, the system comprising: 

a heat exchanger having a first inlet and corresponding first outlet in fluid communication with the outflow port 
of the cabin. 
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(54) High efficiency environmental control systems and methods 



(57) A high efficiency environmental control system 
(10) uses air (16) exhausted from a pressurized cabin 
(12) to cool compressed air (14) entering the cabin (12). 
Air (16) exhausted from the cabin (12) may flow directly 
from the cabin (12) through a heat exchanger (60) 
which cools the compressed air (14) entering the cabin 
(12). Alternatively, air (16) exiting the cabin (12) may 
flow through a turbine (66) which expands and cools the 
air (16) prior to passing through the heat exchanger 
(60). The turbine (66) may be used to drive a compres- 
sor (68) to provide the compressed air (14) to the cabin 
(12). Supplemental power to drive the compressor (68) 
may be provided by a second turbine (70) driven by 
bleed air (44) from one or more turbine engines (20), or 
by an electric motor. Bleed air (44) may also be mixed 
with air from the compressor to provide fresh air to the 
cabin (12). To further increase efficiency and meet the 
cooling requirements of the cabin (12) on the ground 
and at altitude, switch dampers may be employed to 
selectably vary the flow path of air supplied to the cabin 
(12). 
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